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ABSTRACT 



A built-in self test circuit incorporated in a mega-cell of an 
LSI is used to easily check a signal delay between mega- 
cells. A semiconductor integrated circuit includes the first 
mega-cell incorporating a built-in self test circuit and an 
output buffer, the second mega-cell for receiving output data 
from the output buffer of the first mega-cell, and a flip-flop 
circuit for storing a logical value at a node on the output side 
of the output buffer at Ihc same timing as a timing at which 
the ou^ut data from the output buffer are stored in the 
second mega-celL 

10 Claims, 4 Drawing Sheets 
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SEMICONDUCTOR INTEGRATED CIRCUIT VIG. lA is a single register circuit constituted by n D-type 

AND rrS APPLICATION DEVICE flip-flop (F/F) circuits 41 serially connected to each other, 

BACKGROUND OFTHB INVENTION nff'^,*^'^"'^''!^^ 

an exclusive OR signal firom a data output Q of the prede- 

1. Held of the Invention 5 tcrmincd F/F circuit 41 and inputting it to an input tenninal 
The present invention relates to a design technique for D of the first serially connected F/F. 

testability for a semiconductor integrated circuit or its appli- When the n F/F circuits 41 are set to an initial value (an 

cation device and, more particularly, to a built-in self test initialization circuit is not illustrated) except for all *'0"*s 

technique, which is used in an LSI sudi as a logic VLSI and then operated, (2"-l) random data (pseudo-random 

hiCTarchically constituted by incorporating a large number of 10 number) are rq)eatedly ou^ut in a predetermined order. The 

logic circuit blocks, a system board constituted by connect- pseudo-random number can be sequentially extracted by 

ing a plurality of LSI diips to each other, and tiie like. using any one of the data ou^uts Q (Outi; i=0, . . . , 7) of 

2. Desoription of the Related Art the n F/F circuits 41, or extracted in parallel by using all 
With the rapid advance of semiconductor techniques, these ou^uts. In recent VLSIs and ULSIs which process 

VLSIs (Very Large Scale Integrated Circuits) which have a multi-bit data, the latter scheme is general and important 

larger scale, more con^jlicated structure, and higher petf or- The signature analysis is a technique using the LFSR as 

mance than those of large scale mtegrated circuits (LSIs) a test result processing circuit Also in tiiis case, the LFSR 

have been developed. Further, ULSIs (Ultra Large Scale includes an LFSR of a type for serially receiving ou^uts 

Integrated drcuits) are about to be put in practical use. from a DUT, and an LFSR of a parallel input type called an 

Under these circumstances, how to test these circuits has ^ MISR (Multiple Input Signature Register). The latter is more 

become a serious problem. inqxirtant in the VLSIs and the ULSIs, so that only the latter 

In conventional LSI diips, a method of testing a chip by will be explained hereinafter, 

an LSI tester using only a function defined for a normal FIG. IB shows an example of an LFSR of an n-bit parallel 

operation is generally used. However, according to this input type used as a test result processing circuit In the 

method, an enormous amount of test vectors must be formed LFSR shown in FIG. IB, an output Q (=Outi) from an F/F 

for VLSIs and ULSIs. Further, since a high-speed operation circuit 41 conresponding to an ith bit (i=0, . . . , 6) of n D-type 

is often the main feature of these diips, LSI testers com- F/F circuits 41, and (i+l)th-bit external data IN(i+l) are 

patible with the tests of these chips arc limited to higher- input to an input D of an (i+l)th-bit F/F circuit 41 via a 

performance (normally, expensive) testers. Moreover, in this corresponding exdusive-OR gate 43, respectively. The input 

method, an evaluation of a coverage of the chip test using ^ D of the Oth-bit F/F circuit 41 receives an output=Q0(+)Q5 

vectors must be separately performed, resulting in an (+)Q6(+)Q7((+) is a synabol representing an cxchisive-OR 

increase in CPU cost. operation) from the feedback circuit 42 of the above- 

For this reason, it is actually almost impossible to com- described LFSR, and Oth-bit external data INTO via the 

pletdy test the VLSI chips and the ULSI chips by the corresponding exclusive-OR gate 43. 

conventional method. Such a situation also applies to a In this configuration, when response outputs from the 

system board in which a plurality of LSIs including a VLSI DUT are sequentially supplied to die LFSR storing a certain 

and the like are mounted on a circuit board and connected to definite value, almost random data are formed in the internal 

each other. F/F circuits 41 in accordance with these output values, and 

As a solution for this serious problem, a design for ^ certain unique test result data are finaUy formed in the 

testability receives a great deal of attention and is widely LFSR The data generated in the LFSR are called a 

used. In this design, a test circuit is incorporated in a diip so signature, and the operation of supplying response ou^uts 

as to facilitate a test, and the chip is completely tested at a from the DUT and generating a signature is called a signa- 

low cost ture conqiression operation or a signature analysis operation. 

According to the technique of a built-in sdf test (BIST) as 45 As described above, the signature analysis is an analysis 

a kind of design for testability, an LSI chip as a device under method of conqiressing response ou^uts from the DUT with 

test (DUT) incorporates a test data generation circuit and a respect to a series of test data into a signature, and compar- 

test result storing or judging circuit (test result processing ing the final test result (signature) left in the LFSR with an 

circuit, hereafter) for the internal circuit block of the LSI expected value to judge the existence or absence of defects 

diip. A test is started upon reception of an external signal, in the DUT (an internal circuit block itself). In this signature 

and a result judgment signal as for existence or absence of analysis, (he probability of the accurate signature obtained 

defects in (he DUT or a test result for judgment is output by executing signature compression with sufEcient test data 

upon completion of the test is generally 1-2"" obtained by subtracting the "aliasing" 

By using the BKT, almost no LSI tester is required, and probability from 1. The "aliasing" probability is a probabil- 

the test cost can be effectively reduced. In addition, a chip 55 ity at which a final signature accidentally becomes the same 

can be tested under the same conditions as those of actual as that of a fault-free DUT though an ou^tis different from 

use, and the chip can be used after being incorporated in an that of the fault-free DUT. Generally, if n is large (n>24), the 

application system. Owing to these outstanding advantages, aliasing probability can be ignored. Therefore, (he reliability 

the BIST is expected to play a very important role in testing of the signature analysis is very high in the VLSIs and 

VLSIs and ULSIs. ^ ULSIs which genffally process multi-bit wide data (n^32). 

The most basic technique of the BIST is a technique The LFSR dedicated to the BIST may be provided. In 

called a signature analysis. Tliis technique is based on a many cases, however, a normal operation register is used as 

linear feedback shift register (LFSR). An n-bit LFSR can be the LFSR to save the cost of a test circuit 

used as both a test data generation circuit and a test result Conventionally, as one arrangement of a logical VLSI and 

determination circuit The LFSR will be explained below. 65 tiie like, a large number of logic circuit blocks (called 

FIG. lA shows an exaiiq)le of an n-bit (n=8) wide LFSR mega-cells or micro-blocks) are connected to each other via 

used as a test data generation circuit The LFSR shown in lines. The mega-cell (macro-block) is one block of logic 
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circuits having a cextain degree of scale inside a VLSI or the specified by S2=0 (SO and SI are indefinite). An internal 

like. According to a current design technique, these mega- signal DI input to a chip or a mega-cell is externally output 

cells are schematically arranged manually or automatically, as an output signal DO via the selector circuit 56 and the 

and signal lines are automatically arranged between the output buffer 57. 

mega-cdls to constitute the VLSI or the like. Recently. CAD 5 At this time, if S0=1 and S1=0, the input signal DI is 

tools which lay out these mega-ceUs as a whole almost received by the F/F circuit 54 via the AND gate 51 and the 

needless to distinguish them in terms of the layout are exdusive-OR gate 53 in synchronism with a clock signal 

commercially available. CLK, , , 

. * To the contrarv* if S0=0 and S1=L a boundary scan-m 

PartxcuLirly m a certain ainuigement, one of r^^^' ^^^^^ fc^m a^doxy scai cell (noVshowa) on 

ceUs,. a large-scale convkcatedmega<eU such ^ lo ^ ,,,^^^byrF/Fciicuit54viaCheAND 

core, the renmmng mega^eUs ^e connerte^ P * exdudve-OR g«e 53 in synchronism with 

bus and the CTU core controls the entoeqp«ab^^^^^^ ttie clock signal CLK. The cont^s of the F/F circuit 54 are 

system on a board is also constituted by ~™P^«te«Uy a boundary scan-out signal BSO to a boundary 

~rf^lT^-^ , ^ Zi^^L^^L^C 15 sc^cell(notshowi^ontheoutputstage.Inthismanner,the 

outputbuffahavmgalaJBe dnvmgforMisOTa^^^ is boundary scan operaaon is reaUzed. 

output terminal portion of the I/O (Input/Output) potion of i~uiju4ujr »wm uj^aouuu i6aii^,6«. 

eaS mega-ceU or each LSI chip Was to npidlVdrive a WMi this openition aU boim^^^ 

generally long line. I/O portions of LSI chips or 

. / ^ ^ ' . ^ mega-cells are serially connected as a boundary scan chain. 

As desortbed above a reduction in test cost is a very T^^^^jtents of the boundary scan cells can be externally 

important Aeme m the VLSI and tiie hke consumted by a ^ synchronism with L dock signal CLK, and test 

large number of mega^eUs ^d tiie sy^em consti- ^atk can be extemaUy transferred to the boundary scan ceUs. 

tuted by a large numb^f LSI chips. If a BIST <^mt is ^^^^ ^ ^ ^ configuration 

incorporated in. e g., a CPU dup m an LS^ or a CPU core ^ ^ ^ ^^^3 ^^^^ ^^^^^ 

I'^^tif'^^^^^^^tf"'''^:^ ."^T/ 25 ary scan ecu performs the signature compression operation 

the CPU chip orthe CPU coreisautomatic^^ ^Synchronism with the dodc signal CXK. 

BIST arcmtnie test cost can be reduced. lie F/F circuit 55 prevents generation of data which may 

In general, the BIST can be executed as far as a circuit ^^^^ ^ abnormal operation with respect to the outside 

such as an LFSR for compressing a test result into a ^j^^ boundary scan operation or the BIST operation, 

signature is provided. For this reason in the conventio^^ That is, the dock signal CLK is activated to transfer desired 

configuration, a portion outside the 1^0 pomon of the CPU ^ boundary scan cell. Thereafter, another dodt 

diip the CPU core incorporating theBIST circuit cannot . ^ activated to update the data. This ouQ)ut is 

be tested inside the CPU chip or the CPU core. captured by the boundary scan cdl of another diip or 

The testability at an individual mega-ceU or LSI chip levd another mega-ceU to test signal lines between chips or 

is an important problem to be solved in testing the VLSI, the mega-cdls (a signal delay can also be evaluated), 

system board, and the Uke. However, the testabUity of an j^^^ boundary scan sdieme as described above, a signal 

enormous number of signal lines arranged between mega- ^ , between LSI chips or mega-cells must be tested by 

ceUs OT LSI chips is also a very inq)OTtant problem to be arranging the boundary scan ceUs at the respective I/O 

solved. ActuaUy. a delay by the lines between the mega-cdls portions. In the VLSI or the Uke constituted by a large 

or the LSI chips is the main factor of a signal dday on the ^ nm^ber of mega-ceUs, if the boundary scan ceUs are sepa- 

chip or board scale in the VLSI and the like constituted by ^^^y^ incorporated in the I/O pcations of the respective 

a large number of mega-ceUs, or the system board consti- mega-cdls, the chip area is greaUy increased to greatty 

tuted by a large number of LSI chips. Particularly, the I/O increase the cost 

terminals of the large number of mega-cdls or LSI chips are described above, in summary, in the VLSI or the ULSI 

connected to signal hiies sudi as common buses. In many mega-cdls connected to each other via long 

cases, therefore the delay by the lines between the mega- .i^/ji^es, or in the system board having a pluraUty of LSI 

ceUs or the LSI diips «3bstonUaUy d^^^ the AC connected to each other via long signal Unes, a signal 

operation petf onnance of the VLSI or the like, or the system ^^^^^ mega-ceUs or the LSI diips is given mudi 

wdght in the entire AC operation performance and deter- 
As a design technique for testabiUty induding a test for a 50 niines the entireAC operation performance in some cases. In 
delay caused by signal Unes between mega-cdls or LSI this case, if a mega-ceU or an LSI chip incorporating a BIST 
chips, there is a boundary scan scheme in which an F/F ^^^^ ^ internal circuit is induded, the mega-oeU or 
circuit is arranged at flie I/O terminal portion of an LSI chip ^SI chip including the BIST circuit normally suppUes a 
or a mega-ceU to impiowc the controUabUity and the obser- ^^^^ ^^^^ ^^^^ mega-ceU or another LSI chip. For 
vation properties. Some boundary scan sdiemes have 55 ^ ^^^^ configuration capable of checking a 
already been authorized as IEEE standards. ^^^^^ between another mega-^dl or another LSI chip 
FIG. 2 shows a boundary scan ceU fa* an output terminal ^j^^ mega-ceU or the LSI chip incorporating the BIST 
corresponding to one bit rdated to a basic circuit configu- circuit by using the definite output 
ration in the boundary scan scheme. boundary scan scheme capable of checking a signal 
In FIG. 2, reference numerals 51 and 52 denote AND 60 delay between mega-cdls or LSI chips, an overhead is too 
gates for recdving ccaresponding control signals SO and SI; ja^ge in area with respect to particularly a VLSI chip or the 
53, an exclusive-OR gate; 54, an F/F circuit used for Therefore, it poses a problem m terms of the cost to 
boundary scan; 55. an F/F circuit; 56, a sdector circuit fcH- employ the boundary scan scheme. 

sdectins an input in accordance with a control signal S2; _ ^ ^ 

and 57 an outjut buffer. « SUMMARY OF THE INVENTION 

The operation of the circuit in FIG. 2 is determined by the As described above, in the VLSI or the ULSI having a 

control signals SO, SI, and S2. A normal operation is pluraUty of mega-ceUs connected to each other via long 
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signal Hnes, or the system board having a pluraHty of LSI FIG, 6 is a block diagram showing an LSI application 
chips connected to each other via long signal lines, it poses device according to the second and third embodiments of the 
a problem in terms of the cost to employ the boundaiy scan present invention, 
sdieme in order to check a signal delay between the mega- 
cells or the LSI chips. 5 DET AILED DESCRIFnQN OF THE 

The present invention has been made to solve the above PREFERRED EMBODIMENTS 

problem, and has as its another object to provide a semi- Embodiments of the present invention will be described 

conductor integrated circuit capable of easily checking a below with reference to the accompanying drawings 

signid delay between mega-ceUs by using a BBTdrcdt^ FIG. 3 shows part of an LSI according to the first 

provide a semiconductor integrated circuit appHcation lo embodiment of the present invention. 

A J. t wicuii. cxplamed. The LSI in FIG. 3 is constituted by connecting a 

According to the present mvenUon, a semiconductor pluraUty of mega-ceUs including first and second mega-cells 

integrated circuit is characterized by comprising a first logic 10 and 20 to each other via signal lines. 

dicuit block having a built-in self test circuit and an output ^he first mega-ceU 10 is an n-bit output mega-ceU, which 

W ihV^^^^^ ^"^"^ "1 ^ output^nah m ioTS 

from ^output buffer of ±c first logic arcmt blodc, and and the like corresponding to nbiti^ and incorporates a BKT 

dato storage means arranged m the first logic circuit block to circuit wiF^^aicauoiax 
store a logical value at a node on an ou^ut side of the output ^ n i a a -.i. . t 

buffer atthe same timing asatimingatwhich the output data 20 The first megancell 10 further comprises an LFSR as a 
from the output buffer art stared in the second logic circuit Tff"" storing logical values at nodes on the 

ou^ut side of the output buffers at the same timing as a 

. J. ^ , . . timing at which output data from the output buffers are 

Accordmg to the present mvenfaon, a semiconductor stored in the second mega-ceU 20. 
integrated circmt application device is characterized by ^n. ^ iT^,^ 

comprisingafirstsemiconductorintegratedcircuithavinga h.^^^ k V '^""^ and stares die output 

builTin self test circuit and an ou^ut buffer, a second ^ ^^"^ ^ 

semiconductOT integrated circuit connected to the first semi- Reference symbols Oi (i=0, , . . , n-1) denote the 

conductor integrated circuit to receive output data from the Parasitic load capaatances of signal lines 30 connecting tiie 
ou^ut buffer, and data storage means arranged in the first mega-ceU 10 to the second mega-ceU 20. 

semiconductor integrated circuit to store a logical value at a ^ ®^ ^> ^ signal delay between the mega- 

node on an ou^ut side of the output buffer at the same ^ includes a signal delay on the signal Unes 30 

timing as a timing at which tiie ou^ut data from the output connecting the mega-cells. If the signal lines 30 are longer, 
buffer are stored in the second semiconductor integrated signal delay between the mega-ceUs becomes larger and 

circuit becomes a factor of determining the entire AC operation 

Additional objects and advantages of the invention wiU be Performance. Particularly when the signal Unes 30 are 

set forth in the description which foUows, and in part will be ^^"^ ^^'f ' ^^^^ very large because the I/O 

obvious from the description, or may be learned by practice terminals of a pluraHty of mega-ceUs are connected to the 

of the invention. The objects and advantages of the invention system buses. 

may be realized and obtained by means of the instrumen- 40 approximation of the signal delay between the 

talities and combinations particularly pointed out in the mega-ceUs is obtained by the driving forces of the output 

upended claims. buffers which output signals from the mega-ceU, and the 

load capacitances (indicated by CLi in FIG. 3) of the signal 

BRIEF DESCRIFnON OF THE DRAWINGS lines 30 on the ou^ut side of tiie output buffers and elements 

r«. . J J ... . coimected to the signal lines 30. Note that a line on an actual 

maccompanying^^^ 45 VLSI chip or the iL has a certain degree of Une resist^ 

^tf^TTu^T f ^%f=?fi«^^^' ^^'^ P^^^^fly However: as far as a metalline is use^ a potential n^^e 
S^! ^ • "^'^ <>f °^tput buffer refits Tpotential at Z 

tiie genex^ <^^^n given above and tiie detoUed descrii^ j^p^t portion of anoth^ mega^eU which reives a signal 

^Lt ^nTf ^f^^'^'t g^^^^ ^1^^' ^^^^ mth^ precision sufficient fofpractical use. In additionT^ 

explain the prmaples of themvention. 50 not so difficult to output definiS data as (some of) outputs ^ 

FIGS. lA and IB are aicuit diagrams showing an executing tiie BIST in a mega-ceU incorporating tiie BIST 

example of an n-Wt Hnear feedback shift register used as a circuit which su|5)Ues ou^uts to system buses, tike a CPU 

test data generation circuit and an example of a linear core. 

fee<Ubackshiftregisterof ann-bit^^ consideration of these situations, according to die 

a test result determmation circuit, respectively; ^5 ^^^^^ ^^^^^^^^ ^^^^ ^ ^^^^^ whichiucorS! 

FIG. 2 is a circuit diagram showing a boundary scan oeU rates tiie BIST circuit and outputs definite data are sampled 

corresponding to one bit related to a basic circuit configu- on die output side of tiie output buffers of tiiis mega-ceU and 

ration in a boundary scan scheme; compressed into a signature, tiiereby easily checking a 

FIG. 3 is a circuit diagram showing part of an LSI signal delay between mega-ceUs. 

according to tfie first embodiment of the present invention; The first embodiment wiU be described b>elow in detaU. 

FIG. 4 is a circuit diagram showing part of an LSI In tiie first mega-ceU 10 of FIG. 3, reference numerals 111 

according to tiie second embodiment of the present inven- to Un denote output buffers; 121 to 12n, output terminals; 

131 to 13/1, input buffers; 141 to 14n and 15, exclusive-OR 

FIG. 5 is a circuit diagram showing part of an LSI 65 gates; 161 to 16n, F/F circuits; and 171 to lln, AND gates, 

according to tiie tiiird embodiment of tfie present invention; Each of tfie ou^ut buffers lU to Un corresponding to n 

bits is a 3 state output buffer oontroUed to be activated by. 
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eg., an activatioQ sigaal EN. When the activation signal 
EN="1" level, a data input value Dli (i=0, 2, . , , , n-1) is 
output as an output value DOi. When the activation signal 
EN=0, the output is set at a high in^dance. 

In this embodiment, it is assumed that EN=1 means that 
the data input signal DE to a coirespondlng one of the output 
buffers 111 to lln is effective in the first mega-ccU 10. 

Note that simple 2-value buffers are used as the output 
buffers 111 to lln in many cases. In this case, ttie data input 
signal DE is always externally ou^ut as DOi. 

The F/F circuits 161 to 16fi, the exdusive-OR gates 141 
to 14rt .airanged in correspondence with (he F/F circuits 161 
to 16fi, and the exclusive-OR gate 15 for generating linear 
feedback data constitute an n-bit signature compression 
LFSR, as described above. In this embodiment, the 
exclusive-OR gate 15 feeds back data outputs Q correspond- 
ing to 1st, (n— 2)th, and (n-I)th bits and remaining bits from 
the F/F circuits 161 to l€ru 

The input buffers 131 to 13« for n bits are arranged to 
supply outputs from the corresponding ou^ut buffers 111 to 
lln for n bits to the n-bit LFSR. The input buffers 131 to 13/? 
are buffers having a driving force equal to that set at the 
input portion of a general mega-cell. 

Each of the exdusive-OR gates 141 to 14« receives a 
corresponding one of outputs from the input buffers 131 to 
13rt for n bits and a corresponding one of an output from the 
exdusive-OR gate IS and the data outputs Q from the F/F 
circuits 161 to 16n-l of the n-bit LFSR. The exclusive-OR 
gates 141 to 14rt supply exclusive-OR ou^uts as data inputs 
D to the F/F circuits 161 to 16« of the n-bit LFSR. 

The AND gates 171 to lln receive the activation signal 
EN and a BIST mode signal TM, and supply AND ou^uts 
as control inputs B to the corresponding F/F circuits 161 to 
16fi of the n-bit LFSR. A clock signal CLK for latching data 
is supplied to the F/F circuits 161 to 16n. 

In this embodiment, when the BIST mode signal TM=1, 
signature comjH:ession is executed. If the first mega-cdl 10 
is subjected to the BIST, the signals Dli internally propagate 
from the first mega-cell 10 to the input portions of the 
corresponding ou^ut buffers lU to lln. 

In this embodiments, an AND output of the activation 
signal EN and the BIST mode signal TM is used as an 
activation signal to allow the F/F circuits 161 to 16n to latch 
data. If DH must be forcibly output, e.g., the above AND 
output must t>e used as an activation signal to the output 
buffers 111 to lln. 

To the contrary, when an always definite value is ou^ut 
as DOi during the BIST of the mega-cell 10, only the BIST 
mode signal TM representing execution of the BIST is 
supplied as an activation signal to the F/F circuits 161 to 
16/1. In any case, a data input activation signal to the LFSR 
is constituted by using a signal having information repre- 
senting that DE is effective. In this manner, the LFSR 
operates during only the BIST, which leads to a reduction in 
power consumption. To accurately execute the signature 
analysis in the n-bit LFSR, the LFSR is first initialized by a 
signal at the start of the BIST with respect to the first 
mega-cell 10, and then starts to receive data only when DE 
(i=0, 1, • . . , n-1) is definite data. An initialization/signature 
analysis start circuit is not essential to the present invention, 
and a detailed description thereof will be omitted. 

In the present invention, the timing of the dock signal 
CLK for latching data in the F/F circuits 161 to I6rt must be 
syndu-onized with a timing at which the second mega-ceE 
20 receives outputs from the first mega-cell 10, In this 
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. embodiment, the internal clock signal CLK of the first 
mega-cdl 10 is input to clock input terminals C of the F/F 
circuits 161 to 16n. Results may be extracted horn the LFSR 
serially by using the scan scheme or paralld by arranging a 

S parallel read path. 

According to the first embodiment described above, data 
which will be finally output outside the first mega-cell 10 
from the ou^ut buffers 111 to Mn of die first mega-cell 10 
incorporating the BIST circuit are captured on the output 

10 side of the ou^ut buffers 111 to lln and compressed into a 
signature. For this reason, data can be compressed into a 
signature having signal ddays between the mega-cells. 
Since observation points for signature compression are 
arranged at the output portions of the ou^ut buffers of the 

15 mega-cdl in this manner, a signal dday by the load capad- 
tances CLi of the signal lines 30 between the mega-ceUs and 
the elements connected to the signal lines 30 can be easily 
evaluated. 

In the first embodiment described above, the circuits for 
2° capturing outputs and compressing them into a signature are 
arranged in correspondence with the output tenuinals 121 to 
\ln of die first mega-cell 10. However, the present invention 
is not limited to this, and gates for capturing outputs and 
compressing them into a signature can be arranged in 

^ correspondence with the I/O terminals of die mega-cdl. In 
this case, to prevent a stricter timing for an input signal, it 
is desirable to arrange the input buffers 131 to 13n in the first 
mega-cell 10 of FIG. 3 paralld to input buffers (not shown) 
for normal operation logic. If an LFSR is used for a 
boundary scan drcuit or the BIST circuit in the mega-cdl, 
this LFSR is constitoted by the F/F circuits 161 to 16n 
shown in FIG. 3. With this arrangement, almost no addi- 
tional circuit is actually required. If the number of bits of 
oulput terminals provided with the circuits for capturing 
outputs and compressing them into a signature is 
insuffident, F/F circuits must be added to constitute the 
LFSR so as to reduce die alias probability to a negligible 
degree as a whole, as a matter of course. 
In the first embodiment, outputs from the output buffers of 

^ the mega-cell are directly compressed into a signature. In 
this case, in a very-high-speed VLSI diip, a high-speed (Le., 
expensive) LSI tester must be used in correspondence with 
this VLSI chip. FIG. 4 shows the second embodiment in 
consideration of this point. 

FIG. 4 shows part of the second embodiment according to 
the present invention. 

In the second embodiment, the present invention is 
applied to an LSI having a plurality of mega-cells lOo 

50 conne<^ to eadi other via long signal lines 30, like in the 
first embodiment described above. FIG. 4 shows only a 
portion related to an idi bit in an n-bit ou^t mega-cell for 
the sake of descriptive simplicity. The same reference 
numerals as in FIG. 3 denote the same parts. 

55 In the second embodiment, an output buffer 11^ is divided 
into two buffers 11/a and Xlib. A signal ENT, and a signal 
obtained by inverting a signal TM via an inverter circuit 21 
are input to an AND gate 22 to calculate an AND ou^ut 
One buffer Mia is controlled by ffiis AND (Hitput, and the 

60 other biiffer \lih is controlled by the signal EN. 

With this arrangement, in executing the BICT (TM=1), 
one (the buffer Utt in this embodiment) of the output 
buffers llw and Mib is operated. Since the driving force of 
the ou^ut buffer Hi is reduced by the driving force of one 

65 output buffer Wib , a signal dday increases to allow even a 
low-speed LSI tester to evaluate the AC operation perfor- 
mance of die chip on the basis of the signal delay between 
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mega-cells with a sufficient margm. The output buffer 11/ 
easily incorporates the buffers Ilia and lli^ because the 
ou^ut buffer of the mega-ceU generally uses a plurality of 
parallel driver elements. 

According to the present invention described above, since 
the load capacitance is inaeased to increase the signal delay, 
botii an error caused by an excessive signal delay between 
mega-cells and most of short-circuit failures of lines 
between the mega-cells can be detected 

On the other hand, when a line between mega-cells is 
disconnected or has a very hig^ resistance, die capacitance 
load seems to be lighter at the portion. Such a failuie cannot 
be detected by the present invention. 

In general, however, a low-speed test (therefore, a low- 
cost LSI tester) is sufficient to detect the above-described 
failures in the VLSI and is easily realized. Therefore, it is not 
an essential problem that the present invention cannot detect 
such a failure. 

It is easy to combine the circuit according to the present 
invention with another test drcuit For example, the LFSR 
using the n F/F circuits is used as a signature compression 
circuit for the BIST circuit in the mega-cell, or the circuit of 
the present invention is constituted on the basis of F/F 
circuits for the boundary scan circuit AH these exan^les are 
incorporated in the scope of the present invention. In 
addition, changes in the number of buffers and the configu- 
ration of the logic gate in order to improve the timing is also 
incorporated in the scope of the present invention. 

The respective embodiments exe^^}lify the LSIs each 
capable of easily checking a signal delay between mega- 
cells by using the BIST drcuit The present invention can be 
applied to an LSI application device constituted by connect- 
ing a plurality of LSI chips to each other via signal tines to 
easily check a signal delay between the LSI diips by using 
tiie BIST circuit 

FIG. 5 shows part of the third embodiment according to 
the present invention. 

In the third embodiment, the present invention is ^plied 
to an LSI constituted by connecting a plurality of mega-cells 
10a to each other via long signal Unes 30, like in the first 
embodiment. FIG. 5 shows ooly a portion related to an ith 
bit in an n-bit output mega-cell for the sake of descriptive 
simplicity. The same reference numerals as in FIG. 3 denote 
the same parts. 

In the second embodiment, the ou^ut buffer is divided, 
and an output from a resultant small ou^ut buffer having a 
weak driving force is input to the signature analyzer to 
evaluate the AC perfonnance. However, the second embodi- 
ment has a problem in which the AC operation performance 
of the output buffer portion having a main driving force 
cannot be evaluated. 

The third embodiment solves this problem. More 
specifically, an ou^ut buffer used for a normal operation is 
divided into several small buffers, and the AC operation 
performance of each divided small buffer can be evaluated. 

In the third embodiment the output buffer is divided into 
four buffers lliVi, 11/6 , U/c, and Hid, An output IBrom a 
decoder 24, and a signal obtained by inverting a signal TM 
via an inverter circuit 21 are iiqjut to OR gates 23fl, IV?, 23c, 
and 23d to calculate an OR output. The buffers Ilea, llib , 
ll(c, and Hid are controlled by the OR output. With this 
arrangement, in executing the BIST frM=l), one of four 
ou^uts from the 2-bit decoder 24 changes to 1 in accordance 
with values TSl and TSO. An output from one of the OR 
gates 23a, 23b, 23c, and 23d which is connected to the 
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changed output changes to 1. When H)Sr=l, an output from 
one of AND gates 22fl, 22b, 22c, and 22d which receives this 
output changes to 1. Only one of the four small buffers Ilia, 
llib, llic, and Hid which is controlled by this output can 
5 suR)ly an output In executing a test, TSO and TSl are 
automatically counted to allow evaluation of the pcrf'or- 
mance of all the small buffers. In the normal operation 
(TM=0), ou^uts from all tiie OR gates 23a, 23b, 23c, and 
23d change to 1. When EN=1, all the small buffer can supply 
ou^uts. 

In the present invention, similar to the second 
embodiment, since the load capacitance is increased to 
inaease the signal delay, both an error caused by an exces- 
sive signal delay between mega-cells and most of short- 
circuit failures of lines between the mega-oells can be 
detected. 

In this embodiment the number of small buffers is four. 
However, if it is more in^)ortant to decrease the number of 
test signals, the number of small buffers can be decreased to 
three. In this case, TS1=0 and TS0=O are defined as a normal 

^ operation mode, the number of signal Knes can be decreased 
by 1, compared to the case of FIG. 5, 

It is easy to combine the circuit according to the present 
invention with another test circuit For exani^le, the LFSR 
using the n F/F circuits is used as a signature con^>ression 

^ circuit for the BIST circuit in the mega-cell, or the circuit of 
the present invention is constituted on the basis of F/F 
circuits for the boundary scan circuit. All these examples arc 
incorporated in the scope of the present invention. In 
addition, changes in the number of buffers and the configu- 

^ ration of the logic gate in order to in:^xrove the timing is also 
incorporated in the scope of the present invention. 

The respective embodiments exemplify the LSIs each 
capable of easily checking a signal delay between mega- 
cells by using the BIST circuit The present invention can be 
applied to an LSI application device constituted by connect- 
ing a plurality of LSI chq>s to each other via signal lines to 
easily check a signal delay between the LSI diips by using 
the BIST drcuit 

^ FIG. 6 shows a system board according to an exan^lc of 
an LSI application device. 

This system board has a BIST circuit and an ou^ut buffer. 
The system board comprises a first LSI 31 mounted on a 
circuit board, a second LSI 32 mounted on the circuit board 

^ j and connected to the ikst LSI to receive output data from the 
ou^ut buffer of the first LSI 31, and a data storage means 
(e.g., an LFSR 33 like the one described above) arranged in 
the first LSI 31 to store a logical value at a node on tiie 
output side of the output buffer at the same timing as a 
tinoing at which the output data from the output buffer are 
stored in the second LSI 32. 

As has been described above, according to the present 
invention, the LSI and the LSI application device can 
execute a test with a signal dday caused by the capacitance 

55 load of a line and an element between mega-cells or chips. 
For this reason, not only a mega-ceU or a chip incarpcrating 
a BIST circuit can be tested, but also the AC operation 
performance including a signal delay between mega-cells or 
chips, which is important in a VLSI and a ULSI, can be 

50 easily checked at a chip level 

In the VLSI and the ULSI required to evaluate the 
maximum operation frequency, therefore, most of chip 
wafers insufficient in AC operation performance can be 
rejected in a die sort test, and the rejected diips need not be 

55 sealed in a package. The test cost can be reduced as a whole. 
Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
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its broader aspects is not limited to the specific details, and 
representative devices shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or sc<^ of the general inventive 
concept as defined by the appended claims and their equiva- 
lents. 

What is claimed is: 

1. A semiconductor integrated circuit conqjrising: 
a first logic circuit block having a built-in self test circuit 

and an output buffer; 

a second logic circuit block for receiving output data from 
said output buffer of said first logic circuit block; and 

data storage means arranged in said first logic ciraut 
block to store a logical value at a node on an output side 
of said output buffer at the same timing as a timing at 
which the output data firom said output buffer are stored 
in said second logic ckcuit block. 

2. A circuit according to daim 1, wherein said data stwagc 
means is part or all of a linear feedback shift register. 

3. A circuit according to claim 2, wherein said output 
buffer is a 3-value buffer which is controlled to be activated 
by an activation signal, and said linear feedback shift 
register is set in a state capable of storing data when the 
activation signal and/or a built-in self test mode signal is 
input. 

4. A circuit according to claim 1, wherein said output 
buffer is constituted by combining parallel at least a first 
output buffer and a second output buffer, 

said first logic circuit block further comprises activation 30 
means for activating only said first ou^ut buffer of said 
first output buffer and said second ou^ut buffer, and 

said storage means can store a logical value at the node on 
the output side of said output buffer when said first 
output buffer is activated by said activation means. 

5. A circuit according to daim 1, wherein said output 
buffer is constituted by combining parallel at least three 
smah output buffers, 

said first logic circuit block further conipriscs activation 
means for activating only one of said small output ^ 
buffers, and 

said storage means can store the logical value at the node 
on the output side of said ou^t buffer when said small 
output buffer is activated by said activation means. 



6. A semiconductor integrated circuit application device 
comprising: 

a first semiconductor integrated circuit having a built-in 

self test circuit and an o^Xput buffer; 
a second semiconductor integrated circuit connected to 
said first semiconductor integrated circuit to receive 
ou^ut data from said output buffer, and 
data storage means arranged in said first semiconductor 
integrated cfa-cuit to store a logical value at a node on 
an ouq)ut side of said output buffer at the same timing 
as a timing at whidi the output data from said output 
buffer are stored in said second semiconductor inte- 
grated circuit. 

A device according to claim 6, wherein said storage 
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means is part or all of a linear feedback shift register. 

8. A device according to claim 7, wherein said output 
buffer is a 3-value buffer which is controlled to be activated 
by an activation signal, and 

said linear feedback shift register is set in a state capable 
of storing data when the activation signal and/or a 
built-in self test mode signal is input 

9. A device according to claim 6, wherein said output 
buffer is constituted by combining parallel at least a first 
ou^ut buffer and a second output buffer, 

said first semiconductor integrated circuit further comr 
prises activation means for activating only said first 
ou^ut buffCT of said first output buffer and said second 
ou^ut buffer, and 
said storage means can store a logical value at the node on 
the output side of said ou^ut buffer when said first 
output buffer is activated by said activation means. 

10. A device according to daim 6, wherein said output 
35 buffer is constituted by combiniB^ paralld at least three 

small output buffers, 
said first semiconductor integrated circuit further com- 
prises activation means for activating only one of said 
small output buffers, and 
said storage means can store the logical value at the node 
on the ou^ut side of said ou^ut buffer when said small 
output buffer is activated by said activation means. 
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